Abstract: Cogeneration issues are usually covered only partially in engineering curricula in the frame of core courses, while a course dealing exclusively with cogeneration is rarely offered. Nevertheless, the evolution of cogeneration technology and at the same time the important potential of its residential application, which is instigated through the development of distributed generation, introduces new topics on the subject regarding: the prime mover, the efficient coverage of variable loads, and the integration of cogeneration into the local energy system and into the electrical network. This work documents a framework for the specification of a modern module entirely devoted to cogeneration. Respective educational initiatives that tutors may develop are highlighted and the relevant experience gained at the authors' institute from the operation of a dedicated cogeneration course, is analysed.
Introduction
Cogeneration, or alternatively combined heat and power production (CHP), is defined as the simultaneous production of electrical or mechanical energy and thermal energy from a single energy source. Through cogeneration, the exploitation of a large part of waste heat, which should anyway be rejected due to thermodynamic limitations, is attained, contributing in this sense to sustainability (Gungor et al., 2013) . The successive oil price crises in the '70s revived this technology which had been previously displaced by expanding electrification. Since then, cogeneration technology has undergone a remarkable advance, while new systems such as fuel cells, micro-turbines, modern internal combustion and Stirling engines-based CHP have also been developed (Onovwiona and Ugursal, 2006) . Besides, CHP units are nowadays commercially available at sizes down to micro-cogeneration scale (less than 50kW e ). Noticeably, many of these micro systems are still under development in an effort to achieve higher efficiencies, operability, better economy and competiveness.
Controllable co-generators concentrate significant advantages, such as:
• they do not present the problem of intermittency (like solar and wind energy systems do)
• they may also be driven by a renewable fuel (like biogas)
• they achieve a remarkably high total efficiency, usually exceeding 85%
• they can respond to system demands, although heat and electricity storage would still be possible (e.g., in the residential sector through hot water storage and electrical vehicle charging).
The energetic, environmental, sustainability and operability advantages of cogeneration are obvious. The corresponding economic benefits however are not similarly impressive, due to the relatively high capital costs of CHP units, while their operation and maintenance expenses are also significant. Besides, relatively low prices of network electricity and partial utilisation of the recoverable heat diminish further the relative economy of these systems. Lastly, administrative and legislative complications may set additional barriers to the dissemination of CHP units. A marginal economy for cogeneration renders it vulnerable within a volatile economic landscape. This was for instance the case in Greece, where the association for cogeneration complains that the recent (in 2014) reduction in the feed-in-tariffs made CHP non-viable (Theofylactos, 2015) . The same happened in Spain where about 12% of the total CHP capacity stopped generating electricity during the first half of 2013, because taxes on all power generation plants were raised by 7%, subsidies for renewable energy and CHP plants were reduced, while an additional tax was imposed on natural gas, which fuels almost 90% of all CHP units (Williams, 2013) .
The above volatile situation concerns mainly industrial and large scale cogeneration systems. The situation for small scale residential units however seems more promising, for several reasons:
• Cogeneration in buildings is supported by energy performance guidelines and directives, such as 2010/31/EU of the European Union (EU, 2010) , for improving the sustainability of the built environment.
• The steady increase in electrical demand and the respective changes undertaken or planned for the networks. In the European Union, for instance, directive 2009/72/EC (EC, 2009 ) is expected to promote the development of smarter grids and encourage the installation of local generation, where cogeneration may play a principal role.
• The inhabitants (general public) may accept less benefit from their investments (micro-CHP for their homes), as compared to industrial users, who ordinarily assume higher discount rates.
• Potential side benefits for the end users (e.g., independence from the electrical network, secure supply) may be of equal importance to the economies or even of more.
• Manufacturers have put effort into reducing the prices for their units, and continue developing the cogeneration technology to further increase its efficiency.
In this sense, a remarkable field of application seems to arise for residential cogeneration. Legislation and financial incentives may stimulate the relevant market, but the potential role of engineers, the suitable education of whom may accelerate the dissemination of residential cogeneration and, more importantly, secure its rational, efficient and economical application, may probably prove to be equally effective.
In conclusion, the impressive development of cogeneration technology and the prospects arising from distributed generation (Ecuity, 2013) , renders it necessary to reconsider the educational approach applied. This field is also exceptionally challenging for Tutors, who should concentrate within a single module topics ranging from large scale systems (in the range of MW, e.g., regarding application in industries such as fuels, chemicals, plastics, paper, metals etc.) but at the same time focus on small scale residential units (in the range of a few kW), with the latter probably offering a more promising field of application, and consequently further employment opportunities for the graduated engineers. In this framework, the key research objectives of this work are:
• to scrutinise the key elements of cogeneration, on which a sustainable engineering curriculum should focus
• to identify modern issues that the evolution of CHP technology and its expanding application may produce, and in this context how education in cogeneration could be updated to address these contemporary issues
• to reveal any difficulties in realising education in cogeneration, as these are theoretically but also actually realised (e.g., from the students' feedback) and propose ways to overcome them
• to conclude with a framework for the specification of a CHP course syllabus, that allows differentiation between engineering and technology curricula and avoids overlapping with core courses.
Key elements of cogeneration which contribute to sustainability
In the following paragraphs, the most significant factors of cogeneration, on which a sustainable engineering curriculum should concentrate, are briefly analysed.
The importance of a high electrical efficiency
The total efficiency of cogeneration is defined as the sum:
where n CHP,EL , n CHP,TH are the electrical and thermal efficiency of CHP, respectively. According to its total efficiency, which typically exceeds 80%, cogeneration seems to be advantageous even in cases where its electrical efficiency may be as low as 20%, which is usual for small CHP units. 
where n REF,EL and n REF,TH are reference values for the efficiencies of separate supply of electricity and heat, respectively. The above equation is diagrammatically presented in Figure 1 , where the typical values of n REF,EL = 0.38 and n REF,TH = 0.90 have been assumed for reference. From the display in the diagram it is apparent that for the same total efficiency, primary energy savings increase remarkably with the electrical efficiency. This conclusion is in agreement with the position that the most efficient cogeneration is that with the highest possible electrical efficiency (Woods and Zdaniuk, 2011) . The significance of a high electrical efficiency may be also attributed to the increasing demand for electricity. This situation may become even more important, especially in the residential sector, as heat-pump systems eventually replace the conventional fuel-based heating systems, and electrical vehicles are starting to penetrate urban transportation. Residential cogeneration is additionally expected to grow due to the development of distributed generation, which has the benefits of:
• reduced transmission losses
• decreased peak loads
• possibility to manage local generating units by a central entity operating them as a cluster in the form of a virtual power plant.
Natural gas seems likely to play a dominant role in the heating of buildings in the next decades and in this context gas-fired micro-cogeneration is more specifically expected to flourish. A relevant market for residential micro-generation is already under development in Japan and a few European countries (Germany, Denmark, and the Netherlands).
The importance of a high utilisation fraction of recoverable heat
The diagram in Figure 1 is based on CHP nominal efficiencies, but the primary energy savings strongly depend on the actual utilisation of the recoverable heat. Although electrical energy can be completely utilised on site (or partly on site, the rest being exported into the network), this may not be the case with the recoverable heat, which usually remains partly unutilised. This is reasonable in district energy systems and residential applications of CHP. Assuming that a part a of the recoverable heat is only utilised: it is easily proved that when a decreases then the partial derivative of PES with respect to electrical efficiency increases, and the influence of CHP electrical efficiency on primary energy savings becomes stronger. The heat utilisation factor arises as another critical parameter, in setting the limits for the area where PES are practically achievable ( Figure 2 ).
An appropriate application and operation strategy for CHP is consequently regarded as important as the initial design of the system. In this sense, it may be preferable to use a CHP unit with a lower thermal capacity, in order to achieve a higher heat utilisation factor a. The same benefit can be also achieved by selecting a unit with a higher power to heat ratio (P/H) or, equivalently, a higher electrical efficiency for the same total efficiency. (Panasonic, 2015) and remains high even at low loads (e.g., 34% at 30% load). In this way, fuel-cell cogeneration output seems to be less determined by heat demand (as compared, for instance, to Stirling engines micro generation which is a heat-lead solution), a characteristic which makes them especially valuable for residential applications.
The importance of the energy mix presently used for electricity production
Cogeneration is regarded as another means to reduce the risk of climate change, by contributing to greater efficiency. Further to its higher total efficiency (as compared to separate power and heat production), cogeneration may lead to additional CO 2 savings, provided that the fuel used has lower emissions than the energy mix used for electricity production (Peacock and Newborough, 2005) . In the primary energy savings assessment, equation (2), it was assumed that all fuels are of equal value, without accounting for different CO 2 emissions. Nevertheless, even without any primary energy savings, there may be CO 2 savings, should the electrical efficiency exceed the value:
where e F is the CO 2 emission factor of the fuel used in cogeneration (expressed in kg-CO 2 per kWh of fuel net calorific value) and e REF,EL the corresponding factor of the network supplied electricity (kg-CO 2 /kWh e ). The above threshold value for the electrical efficiency may be lower than that required to achieve primary energy savings. 38 the above ratio is 0.52, which means that the minimum electrical efficiency of cogeneration that leads to CO 2 savings is almost half as much of the corresponding threshold value that leads to primary energy savings. The students should be familiar with this approach, but also become aware of the potential influence that future electricity grid de-carbonisation may have.
Cogeneration in engineering curricula
The principal cogeneration topics are usually covered in undergraduate engineering curricula in more than one core course, such as thermodynamics, thermal fluid systems etc. The motive behind cogeneration is its high overall efficiency. In this sense, applied cogeneration topics are further covered in energy conversion courses and also in power generation courses, especially when the latter are focused on modern technologies (e.g., combined cycles, fluidised bed steam generators, fuel cells and cogeneration etc.). In sustainability engineering curricula, cogeneration may be covered in more specialised courses such as energy management, sustainable energy processes, efficient use of energy, advanced energy systems . In a few cases this knowledge is offered in tandem with Waste heat recovery technology while, more rarely, it exists as a separate course.
A typical example of the syllabus of a pure cogeneration course -in a mechanical engineering curriculum -includes the topics (Texas University, 2015):
• design and analysis of cogeneration systems
• selection of the prime mover
• matching power and thermal needs
• legal and institutional considerations
• financial options
• economic evaluations
• case studies (of actual and hypothetical systems).
The specification of a syllabus in cogeneration is not an easy task. Cogeneration is a multi-disciplinary subject, including topics from the fields of mechanical engineering, electrical engineering, as well as from other engineering disciplines-depending on the application of cogeneration -like chemical engineering (when applied in process industry), building services engineering (when applied in buildings), power engineering (e.g., in marine applications) etc.
A cogeneration module could also possibly be integrated into more than one curriculum. For instance, in the Chemical Engineering Department at the Louisiana State University, a cogeneration educational module that can be incorporated into the Chemical Engineering and Mechanical Engineering curricula was developed (Knopf and Dooley, 2010) .
On the specification of a dedicated cogeneration module
The required knowledge in cogeneration is distinguished from the knowledge acquired in core courses of relevant engineering curricula and from the knowledge that should be additionally offered in a dedicated CHP module. This knowledge may differ according to the focus of the curriculum, namely engineering or technology.
Cogeneration technology
Cogeneration technology refers to:
• steam turbine systems.
• gas turbine systems with heat recovery (including micro-turbines)
• internal combustion engine systems
• Stirling engine systems
• fuel cell systems.
The general principles of most of these systems is ordinarily covered in relevant core modules like Thermodynamics, Thermal fluid systems or in electives like Steam/gas turbines, Internal combustion engines etc.
The student should additionally acquire knowledge of the technical details and specifications of these systems, the heat recovery arrangements, their control, their performance including the power to heat ratio, their part load operation, the reliability/availability issues and maintenance requirements. The expected outcome is that the student will become competent to elaborate inter-comparison between alternative systems and finally choose (based on a multi-criterion decision-making process) the most appropriate system for every case.
Thermodynamics and exergy analyses
The students must be capable of estimating the performance of CHP systems, based on actual fluid properties. These thermodynamic calculations can be done either by hand or by applying a specialised commercial code like GateCycle, ASPEN PLUS, IPSEpro etc.
Nevertheless, the rational utilisation of energy resources requires proper energy management, and in this context exergy analysis appears as an additional and equally significant tool (Gungor et al., 2013) . Exergy analyses are not always taught in thermodynamics courses, and a targeted lecture would be needed to achieve this aim (Bailey et al., 2004) . For most cogeneration systems, physical exergy calculations may prove sufficient. For others, like the Kalina cycle, calculation of chemical exergies should be also required (Querol et al., 2013) . A designer/engineer will scrutinise the exergy analysis to optimise a CHP system, while simply comprehending the exergetic efficiency can be sufficient for a technological approach.
Heat recovery
The relevant knowledge is the subject of a core engineering course, which will allow the students to predict the performance of CHP and estimate the recoverable heat under various operating conditions.
In addition to this, the students should realise the influence of the heat recovery system specifications on the efficiency and the appropriate operation of the application which is driven by the CHP system. In this sense, the students will acquire the knowledge to investigate the interference between the heat recovery arrangement and the driven application and to technically optimise their combination (e.g., lower temperatures at the heat exchanger increase the recoverable heat, but reduce the performance of an absorption heat pump/cooler etc.).
Energy estimations
Examination of electrical and thermal loads and their profiles is necessary, both on daily and monthly-bases. Interpretation of energy bills and relevant estimations may roughly reveal the above profiles, which should be correlated to detailed weather data.
The students must be proficient in processing this kind of data e.g., extracting temperature bin-hours, heating degree-days and thermal intensity (load duration) curves. These topics are usually taught in a relevant course such as energy management. Furthermore, issues like the shifting of loads, energy storage (of thermal or electrical energy), distinguishing between day and night loads are also important, and the students should be educated about how to cope with these specific options.
Integration of CHP into the local energy system and the electrical network
A CHP unit is expected to operate in parallel with the existing energy system, affecting each other (Khan et al., 2004) . Residential cogeneration may act as an alternative to the highly efficient condensing boiler while its combination with a heat pump is regarded as a prospective option (Ecuity, 2013) . A back-up unit will be necessary, while a hot water storage tank may additionally serve heating and sanitary water supply needs. In this sense, students should have a good knowledge of building services, and furthermore acquire the skill to conceptualise the whole energy system, taking into consideration the various alternatives (e.g., substitution of electricity with gas or heat and vice versa), and finally specify the basis and conditions to formulate a relevant optimisation problem.
The CHP unit may follow the electrical load or cover a base load. In addition, the option to store electricity (by charging an electrical vehicle) has a strong impact on the specification, the size and the economy of the system. Topics dealing with interconnection to the network, synchronisation, voltage regulation and control of power flows are elementary and should be included in the cogeneration module if not taught in other courses (such as electrical networks, distributed generation etc.). Specific topics like exploitation of CHP units in smart grids and the use of CHP in clusters as a virtual power plant (operated and controlled by a central entity) are also of increasing importance.
Legislative and environmental aspects
Cogeneration is generally ranked high in national energy policies among the measures for achieving the targets for greenhouse gas emissions reduction. In the European Union, for instance, a relevant directive2004/8/ECon the promotion of cogeneration is valid, as amended by 2012/27/EU on energy efficiency (EU, 2012) . Member states have brought into force the necessary laws, regulations and administrative provisions to comply with this directive. The relevant legislative framework and the method of environmental assessment should be taught in detail in the cogeneration module.
Economic issues
Cogeneration is capital intensive, and for this reason it is hardly competitive, especially at the small scale of residential units. In addition, micro-CHP units are manufactured in limited quantity with consequently high upfront costs.
Due to their high initial costs, loans and leasing schemes may act catalytically to facilitate faster penetration of the market. Incentives, such as grants and feed-in-tariffs are usually offered to kick start the market. At the same time, technical limitations may also be imposed, regarding for instance the quantity of electrical energy allowed to be injected into the network. The students should become competent in considering all of these parameters, and based on their knowledge in engineering economics, be able to choose a suitable financing and operation scheme. A case study, to be worked out by using a relevant software package, like the freely downloadable RETScreen (NRCAN, 2015) , could be assigned to this aim.
Optimisation of cogeneration
Various criteria can be used for the optimisation of CHP systems, like the maximisation of the mean annual profit (Ziebik and G1adysz, 2012) ; following of the hourly trend of the daily thermal load (Barelli et al., 2006) ; the minimisation of total life cycle emissions (Osman and Ries, 2006) etc.
The student must acquire the knowledge to select per case the suitable criteria and apply optimisation accordingly. Optimisation may either focus on dimensioning a commercial type of packaged prefabricated unit (for technological curricula) or on the design of a cogeneration system (for engineering curricula). To this aim, the use of nonlinear optimisation techniques is necessary, which is ordinarily taught in advanced mathematics courses.
Other practical issues
The supervising engineers or technologists should guide the installers and consult the end users to get the maximum benefits from their unit. In this context, the syllabus may include topics such as:
• installation and start-up procedures
• the operation strategy of the unit, and the energy management system applied for the control of such units
• the required maintenance of CHP units.
although this kind of information is expected to be acquired by the graduated engineers in the field.
Discussion
Cogeneration is a multi-disciplinary subject, based on mechanical and electrical engineering and on other engineering disciplines as well, according to the relevant technology and application. A general engineering background is a prerequisite but not sufficient to optimally design and specify cogeneration systems. Quite often the relevant engineering curricula do not proceed further with this topic, and the resulting knowledge gap is covered by specialised seminars. In addition, cogeneration technology has achieved a remarkable advance in recent years and its applications have expanded into the residential sector. In the latter however, both the technology and strategy of CHP operation differ substantially from the one applied with large scale industrial or district energy CHP units, to which it was mainly applied until recently. The above facts support the position that the knowledge offered on cogeneration at higher education institutes needs reconsideration. By scrutinising the required knowledge to specify a CHP system and the knowledge that is usually offered by core courses in relevant engineering curricula, a dedicated cogeneration module arises, which can be offered either as a course in a sustainable engineering curriculum or just as a module within a relevant course (such as energy conversion systems, advanced energy systems etc.). This is indicatively depicted in Figure 3 , where traditional courses are set at the periphery and the additional topics which can be included in a dedicated cogeneration module are in the middle. Table 2 Sequence of topics of a cogeneration module, moving from design to application Design Application
• Detailed analysis of CHP principles
• Thermodynamics of CHP and exergy analyses
• Design of heat recovery system
• Optimisation of CHP unit
• Energy profiles and estimations
• Selection of CHP technology
• CHP integration
• Strategy of operation
• Legislative and administrative issues
• Environmental issues
• Economic analysis Since there are indeed many topics to be taught, it is quite likely that there is insufficient room for all of them within the limits of one module. In this case, the Tutor has to concentrate on some of them, depending on the focus of the curriculum, namely engineering or technology. This is indicatively shown in Table 2 , where the topics have been allocated to a scale moving respectively from the design to the application of cogeneration. Furthermore an indicative syllabus of a dedicated CHP course is presented in Table 3 . The syllabus is structured according to the analysis of the preceding section, thus focusing on the optimum specification, dimensioning, application and operation of CHP systems to fulfil contemporary sustainability targets. The proposed syllabus of Table 3 covers the gap of knowledge on modern advanced systems (for instance those using as prime mover fuel cells, Stirling engines, micro-turbines etc.), avoiding at the same time overlapping with core courses where traditional CHP technologies are usually examined. For the same reason (to avoid overlapping with other courses), thermodynamic analysis focuses mainly on exergetic evaluation of CHP units, which is of major importance in sustainable solutions. Specific attention is paid to the selection of the prime mover, which has become even more difficult nowadays due to the development of the technology and the several alternatives offered.
The syllabus includes specific electrical engineering issues which constitute prevailing topics in distributed generation and consequently in electrical integration of CHP into the network or micro-grids, since such issues are usually insufficiently covered in other than electrical engineering curricula. In residential cogeneration, electrical and heating demands are strongly variable. Hence, appropriate energy management is needed for the rational operation of the unit and the achievement of primary energy savings. The traditional educational approach to cogeneration focuses on waste heat recovery technology, but nowadays specific emphasis should be given to electricity production and the maximum utilisation of the recoverable heat. In this sense, optimum design of the system is not enough (as it could be with industrial applications) but an ongoing effort should be put into energy management. That appears to have a major effect on the sustainability of the system, through:
• energy audit and analysis of the energy system to be served with CHP
• energy estimations (analysis of load duration curves, consideration of part load operations and efficiencies)
• management of thermal and electric loads (thermal storage facilities, management of electrical loads, substitution of energy resources)
• integration of chp into the energy systems
• strategy of operation of the system (control of the system).
In this context, specific emphasis is put in the syllabus on energy management and energy estimations issues, while some practice (laboratory exercises) in control and operation strategy topics would also contribute to a better understanding of these aspects. Last, the students are proposed to elaborate two case studies (e.g., in the form of assignments), dealing with technical and economic calculations respectively, by using broadly available codes like a spreadsheet (e.g., Excel) and an energy dedicated code (e.g., RETScreen). Residential cogeneration is under development with an increasing number of commercial applications and other CHP units close to commercialisation. Scale gains are obviously critical at this early stage, but appropriately educated professionals can pave the way to earlier, massive and suitable dissemination of this technology. Engineers and technologists sufficiently educated in cogeneration can only ascertain the rational application of this technology, which has not been proved to be an easy task. Indeed, as Hunt (2015) notices (reflecting, unfortunately, on relevant unpleasant experiences in Great Britain): "CHP is an important technology but, if used inappropriately, it will not offer the benefits that it has the potential to provide".
Experience gained with a cogeneration course at the authors' institute
The Department of Energy Technology Engineering at the Technological Educational Institute of Athens (T.E.I. of Athens) covers the needs for specialised personnel in the multidisciplinary area of Energy . Its technological curriculum aims to cover the subject of energy in the fields of mechanical engineering and electrical engineering with a focus on the exploitation of conventional and renewable energy sources, rational use of energy, generation, transportation, distribution, conversion, storage, control and use of energy, energy management, energy saving and environmental aspects of energy (T.E.I. of Athens, 2015a) . A dedicated cogeneration course was introduced to the curriculum ten years ago ). The experience gained since then, is briefly presented in the following paragraphs, together with some thoughts regarding the further development of the course.
Description of the course
The course is offered at the senior year, while several relevant courses are taught to the students in the preceding years of their studies, such as thermodynamics, heat transfer, fluid mechanics, thermal turbo-machinery, internal combustion engines, analysis of electrical networks etc. The lectures take place for two hours weekly, for a complete semester, and the course is attributed 3 ECTS credits (according to the European Credit Transfer and Accumulation System).
The aims of the course are (T.E.I. of Athens, 2015b ):
a the acquisition of knowledge in the theory of CHP, regarding both technology and economy of these systems b the application of cogeneration to fulfil users' energy demand. The description of the course is: cogeneration technologies, energy performance of the various cogeneration systems, advantages and impacts, study of cogeneration systems, application model, economic viability, legislative, tariff and financial framework, market prospects.
The expected outcomes are that the students will become capable of: a finding out potential applications of cogeneration systems in industrial and other environments b the preliminary design of a cogeneration system and the description of its advantages and disadvantages, compared with a conventional energy system.
From the expected outcomes it is apparent that the fields of application are not strictly specified and in this way it is up to the Tutor to decide what to focus on. The Tutors should have a sound knowledge of the applicability of CHP systems and their economy. Applied research work, studies and Diploma Theses are directed towards this aim. In this context it was, for instance, realised that the economy for residential cogeneration was encouraging in regard to, at least, central units for blocks of flats, thus charting a promising field of future applications. This is indicatively shown in Figure 4 , where the minimum economical size (expressed in electrical capacity) is presented in relation to the heating degree-days of various cities of the country (data used in the calculation are shown in Table 4 , the calculations being based on the analytical approach of Gelegenis and Mavrotas, 2015) . In this sense, residential cogeneration was included in the syllabus of the course.
Figure 4
Threshold economical size of a CHP unit (benefit to cost ratio BCR = 1), as a function of heating degree-days for various cities of Greece Table 4 Data used for the extraction of Figure 4 Electrical/thermal efficiency of CHP (%)
Load 100% 
Evaluation of the course
Below is information on how this course is evaluated by the students, according to questionnaires which are distributed to them at the end of each semester. The questions set are the following:
• Were the aims of the course clear?
• Was the taught syllabus in accordance to the scope of the course?
• Evaluate the organisation of the course.
• Has the educational material contributed to a better understanding of the topics of the Course?
• How satisfactory was the textbook?
• Was there a need for prerequisite knowledge from other courses to comprehend this course?
• If there was needed prerequisite knowledge, had this knowledge been previously covered by the other courses?
• How do you rate the level of difficulty of the course?
• Is there a need to organise tutorial lectures to support the course?
• How sufficient do you regard the total number of hours used for lectures?
The response to each question is marked on a scale from 0 to 4, meaning: A synopsis of the students' evaluation is presented in Figure 5 (adjusted to a percentage scale %) and briefly analysed in the following paragraphs. Almost 75% of the students find the aims of the course clear to very clear. A similarly high percentage recognises that the taught syllabus was in accordance with the scope of the course. Nevertheless, a slightly lower percentage (65%) regards the organisation of the course satisfactory. This is attributed to the significant extension of the syllabus, and discloses the consequent difficulties when an equi-balanced coverage of the various topics of the syllabus is attempted within a single course.
The educational material was recognised to contribute quite well to a better understanding of the subject (overall score 75%). At the same time however, satisfaction with the prescribed textbook was much lower (58%). This difference in satisfaction reveals that the textbook may cover a great part of the syllabus, but probably not at the desired depth or level of analysis. This problem may be justified by the extended syllabus of the course, but the development of tutorials would probably increase the level of satisfaction.
65% of students believe that there is required knowledge from other Courses, a percentage which is not as high as we expected it to be. This is probably due to the technological character of the curriculum, focusing more on applied topics than on design principles, hence the lower dependence on prerequisite knowledge. The same score was observed for the degree to which prerequisite knowledge is actually provided by the other courses. These replies however should be considered with caution, as they are subjective and strongly dependent on the background each student has developed.
The course is regarded to be of medium difficulty (score 56%), which is attributed to its technological approach. Probably in agreement with this opinion is also that a very large part of the students (86%) believe that no additional (supporting) lectures are necessary. But this position may be due to the heavy program of the students, who express in this way their reluctance to devote more time to additional attendance. Lastly, the students consider that the lectures are neither more nor less than what seems to them to be adequate.
Development of the course
The outcome of the evaluation is that the course is well structured, with clear aims and appropriate syllabus. The hours devoted to lectures are sufficient, the prerequisite knowledge is already possessed by the students and there is no need for additional supporting lectures.
Looking for potential improvements in the course, it seems that there is some room regarding the prescribed textbook. Finding a better textbook is not so easy however, especially when selecting among the limited titles available in Greek. But even more generally, preparing a textbook on cogeneration is a complicated task, because it is a quite a broad subject. The inherent difficulties of this task became apparent during the preparation of educational material in the context of the EDUCOGEN project. Actually, the first edition of this material was published in April 2001, but just a few months later (November 2001) a second edition was released containing an additional chapter on electrical interconnection issues (EDUCOGEN, 2001) .
Since laboratory education plays a primary role in technological curricula, another potential improvement relates to the practice of the students in a CHP unit. Noticeably, Higher Education Institutes are suitable candidates for CHP applications, especially when incorporating accommodation facilities for the students. An existing CHP unit usually offers the chance to organise an educational tour or furthermore to build some laboratory practice into it. This unit however may not necessarily reflect the most promising technology, limiting in this way the potential benefits for the students.
On the other hand, there are cases where laboratories devoted especially to cogeneration have been erected (Possidente et al., 2006) . At the Energy Department of Politecnico di Milano (Campanari et al., 2014) , for instance, a micro-generation laboratory for testing and improving the performance of CHP units has been developed. Such a laboratory can be used to estimate the performance of CHP at various loads, for demonstration and also for testing purposes (e.g., according to DIN4709) as happens at the Reutlingen University (Bernd, 2014) . A similar approach was attempted at this Institute, too. Realising the potential and prospects of residential CHP, the students will be offered the chance to become familiar and get measurements from a commercial modern small-size (residential) unit, which was recently installed in the Laboratory of internal combustion engines (Figure 6 ) of the department. Experimentation with this unit, will allow the students to:
• comprehend how the CHP unit functions
• get familiarised with the controls and automation of the unit
• take measurements and estimate the performance of the unit
• understand the operation strategy of the unit
• realise how the unit interacts with a hot water storage tank, which was additionally supplied to become an integral part of the whole experimental arrangement
• acquire knowledge of the electrical integration of the unit into the supply network or a micro-grid.
Conclusions
The motive behind cogeneration is higher total efficiency, the achievable primary energy savings, the consequent energy cost savings and the reduction to CO 2 emissions. The high capital costs required for the CHP units render more attractive the installation of large units to achieve scale economies. In the near future however, distributed generation is expected to play a principal role in network design, and this will stimulate dissemination of small scale cogeneration units.
The important field of application for CHP units seems nowadays mainly to concentrate on the residential sector. The necessary technical background has correspondingly shifted from steam turbines cogeneration technology to micro-generation with fuel-cells, micro-turbines, IC and probably Stirling engines. Besides, advanced waste heat recovery technology is no longer sufficient for the optimisation of cogeneration systems, but contemporary issues of energy management play the primary role instead. The above issues indicate the need for a new educational approach to the subject of cogeneration.
A new market in residential cogeneration seems to be at its dawn, and the necessary technical background to achieve the relevant goal will be secured only through appropriate engineering education in the field of cogeneration. This market is important for the end users, the suppliers of CHP systems and also for the technologists and engineers, who are expected to play a catalytic role towards the success of the whole endeavour.
